Low Earth Orbiting Photographer (LEOP)  Cube Satellite by Sojka, Jan J. & Landon, J. Alex
Utah State University 
DigitalCommons@USU 
Posters Getaway Special (GAS) 
4-2012 
Low Earth Orbiting Photographer (LEOP) Cube Satellite 
Jan J. Sojka 
Utah State University 
J. Alex Landon 
Follow this and additional works at: https://digitalcommons.usu.edu/gas_post 
 Part of the Astrophysics and Astronomy Commons 
Recommended Citation 
Sojka, Jan J. and Landon, J. Alex, "Low Earth Orbiting Photographer (LEOP) Cube Satellite" (2012). 
National Conference on Undergraduate Research; Weber State University Spring, 2012. Posters. Paper 9. 
https://digitalcommons.usu.edu/gas_post/9 
This Poster is brought to you for free and open access by 
the Getaway Special (GAS) at DigitalCommons@USU. It 
has been accepted for inclusion in Posters by an 
authorized administrator of DigitalCommons@USU. For 
more information, please contact 
digitalcommons@usu.edu. 
Low Earth Orbiting Photographer (LEOP)  
Cube Satellite 
 
J. Alex Landon, Dr. Jan Sojka 
USU Get Away Special CubeSat Research Team, USU Department of Physics 
 
 
 
 
 
 	  	  	  	  	  	  	  	  The	  CubeSat	  design	  was	  ini1ally	  developed	  by	  California	  Polytechnical	  State	  University	  and	  
Stanford	  University	  in	  order	  provide	  a	  more	  affordable	  method	  of	  performing	  space	  research.	  
In	  1999	  the	  universi1es	  developed	  the	  global	  specifica1on	  standards	  for	  CubeSats	  to	  assist	  
universi1es	  worldwide.	  	  
	  
Physical	  Design	  Specifica1ons:	  
	  
●	  Dimensions	  –	  10x10x11cm	  ~1.0L	  
●	  Mass	  –	  1.33Kg	  
●	  Side	  rails	  must	  be	  made	  of	  hard	  
	  	  	  anodized	  aluminum	  
●	  At	  least	  75%	  of	  rails	  must	  be	  in	  	  
	  	  	  contact	  with	  P-­‐POD	  rails	  	  
	  
Opera1onal	  Design	  Specifica1ons:	  
	  
●	  No	  ac1ve	  electronics	  during	  launch	  
●	  Deployables	  must	  wait	  30	  minutes	  
	  	  	  to	  deploy	  aVer	  P-­‐POD	  ejec1on	  
	  	  	  	  
	  	  	  	  	  	  	  	  	  	  PuXng	  a	  CubeSat	  into	  orbit	  is	  made	  possible	  through	  exis1ng	  rocket	  launches.	  It	  is	  
affordable	  because	  the	  they	  are	  able	  to	  “piggy	  back”	  on	  these	  rockets	  and	  then	  be	  pushed	  into	  
orbit	  by	  P-­‐POD	  launchers.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
1)  Design,	  build,	  test,	  and	  launch	  a	  func1oning	  CubeSat	  
2)  Capture	  high	  defini1on	  images	  of	  earth	  features	  	  
3)  Promote	  and	  increase	  awareness	  of	  CubeSats	  globally	  	  	  
	  
Assembly	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Payload	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  The	  objec1ve	  for	  the	  LEOP	  team	  is	  to	  capture	  higher	  resolu1on	  images	  than	  any	  CubeSat	  	  	  
before.	  	  Our	  selec1on	  for	  this	  component	  was	  the	  OA500C	  5MP	  CMOS	  camera	  with	  a	  35mm	  C-­‐
mount	  lens.	  Most	  conven1onal	  cameras	  use	  a	  CCD	  (charge-­‐coupled	  device)	  sensor	  to	  capture	  
images.	  The	  CMOS	  (complementary	  metal-­‐oxide	  semiconductor)	  sensor	  proved	  to	  be	  a	  beaer	  
op1on	  because	  it	  uses	  1/100	  of	  the	  power	  of	  a	  CCD	  sensor.	  The	  	  
trade	  off	  though	  is	  in	  the	  sensor’s	  sensi1vity.	  CCD	  sensors	  are	  	  
tradi1onally	  more	  sensi1ve	  than	  a	  CMOS	  sensor.	  Being	  that	  we	  	  
are	  looking	  at	  the	  earth,	  which	  is	  rela1vely	  s1ll,	  this	  will	  	  
ul1mately	  not	  pose	  as	  an	  issue.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  Satellite	  image	  resolu1on	  is	  measured	  in	  meters/pixel	  
meaning	  that	  every	  pixel	  represents	  a	  certain	  length	  on	  the	  	  
ground.	  	  CubeSats	  previously	  have	  been	  able	  to	  get	  resolu1on	  
as	  high	  as	  30-­‐40m/P.	  We	  plan	  to	  double	  or	  triple	  this	  quality.	  
Mee1ng	  this	  mark	  will	  depend	  on	  LEOPS	  orbit	  al1tude.	  We	  	  
could	  see	  quality	  as	  high	  as	  5m/P	  at	  100km	  or	  25m/P	  at	  300km.	  
	  
Data	  Processing	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Communica6on	  
	  
	  	  	  	  	  	  	  	  A	  huge	  challenge	  of	  the	  LEOP	  team	  is	  data	  management.	  Image	  transmission	  will	  prove	  to	  
be	  difficult	  because	  of	  the	  amount	  of	  data	  that	  is	  required	  to	  transmit.	  The	  simplest	  and	  most	  
effec1ve	  method	  is	  to	  use	  radio	  frequencies.	  This	  is	  an	  easy	  task	  and	  requires	  limited	  licensing	  
to	  operate.	  This	  process	  will	  require	  a	  VHF	  transmiaer	  and	  a	  UHF	  receiver	  with	  the	  following	  
capabili1es.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Control	  and	  Power	  
	  
	  	  	  	  	  	  	  When	  LEOP	  is	  pushed	  into	  orbit	  it	  will	  be	  spinning	  in	  all	  manner	  of	  direc1ons,	  and	  it	  is	  
essen1al	  to	  find	  a	  way	  to	  stabilize	  it	  so	  that	  the	  camera	  is	  oriented	  to	  the	  earth.	  This	  is	  done	  by	  
magnetorquers,	  small	  coils	  that	  pulse	  electric	  current	  to	  create	  a	  countering	  magne1c	  fields	  
that	  stabilizes	  the	  satellite’s	  spin.	  They	  are	  related	  to	  the	  power	  supply	  because	  the	  coils	  are	  
actually	  integrated	  into	  the	  solar	  panels	  of	  the	  satellite.	  	  The	  coils	  are	  strategically	  posi1oned	  
along	  three	  faces	  of	  the	  CubeSat	  in	  order	  to	  orient	  the	  satellite	  on	  its	  three	  axis.	  Although	  this	  
orienta1on	  process	  takes	  a	  couple	  of	  days	  aVer	  deployment	  it	  is	  worth	  it	  because	  of	  its	  
reliability	  and	  cost	  effec1veness.	  	  
	  	  	  	  	  	  	  	  The	  power	  itself	  will	  be	  provided	  by	  five	  solar	  panels	  purchased	  from	  Clyde	  Space,	  an	  
aerospace	  company	  	  specialized	  in	  CubeSats.	  Five	  sides	  of	  LEOP	  will	  have	  solar	  panels	  which	  
are	  connected	  to	  rechargeable	  lithium	  baaeries.	  The	  power	  supplied	  to	  LEOP	  is	  essen1al	  and	  
has	  to	  be	  managed	  effec1vely	  among	  each	  component.	  Each	  panel	  is	  rated	  to	  create	  2.1W	  of	  
power	  at	  28oC.	  With	  five	  panels	  this	  will	  serve	  well	  to	  provide	  for	  the	  needed	  power	  of	  LEOP.	  
	  
	  
	  
	  
	  
	  
	  
	  
Abstract	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  The	  explora1on	  and	  study	  of	  space	  is	  cri1cal	  for	  the	  future	  of	  our	  society,	  but	  the	  opportuni1es	  for	  educa1onal	  ins1tu1ons	  to	  get	  involved	  in	  
space	  research	  have	  faded	  drama1cally	  in	  the	  last	  decade	  with	  the	  re1rement	  of	  the	  space	  shuale	  program.	  The	  USU	  Get	  Away	  Special	  (GAS)	  team	  is	  
designing	  a	  new,	  low	  cost	  solu1on	  to	  space	  research,	  CubeSat	  (Cube	  Satellite).	  This	  small	  satellite,	  with	  a	  volume	  of	  approximately	  one	  liter,	  will	  have	  a	  
high	  resolu1on	  camera	  directed	  at	  earth,	  and	  students	  will	  be	  able	  to	  request	  a	  picture	  of	  their	  area	  when	  the	  satellite	  flies	  overhead.	  	  In	  this	  way,	  
students	  will	  have	  an	  eye-­‐in-­‐the-­‐sky	  to	  help	  them	  be	  a	  part	  of	  space	  research.	  The	  GAS	  team	  expects	  this	  project	  to	  increase	  interest	  in	  space	  research	  
and	  provide	  an	  affordable	  solu1on	  for	  future	  projects.	  
The	  P-­‐Pod	  has	  space	  for	  	  three	  
1U	  CubeSats.	  The	  CubeSats	  rest	  
along	  rails	  with	  a	  spring	  
mechanism	  in	  the	  back.	  When	  
the	  spring	  is	  released	  it	  pushes	  
the	  CubeSats	  out	  of	  the	  P-­‐POD	  
and	  into	  space.	  When	  the	  spring	  
releases,	  it	  triggers	  each	  CubeSat	  
to	  begin	  their	  individual	  startup	  
sequences.	  
	  
Images	  courtesy	  
of	  CubeSat.org	  
Cubesat	  Specifica6on	  diagram	  
P-­‐POD	  Launcher	  
P-­‐POD	  part	  schema6c	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
OA500C	  w/	  	  
5MP	  CMOS	  
sensor	  
UHF	  Receiver	  
	  
Frequency	  range:	  400-­‐450MHz	  
Data	  rate:	  300-­‐1200	  bit/s	  
-­‐100dBm	  Sensi1vity	  for	  BER	  10E-­‐5	  
VHF	  Transmiaer	  
	  
Frequency	  range:	  130-­‐160MHz	  
Transmit	  Power:	  300mW	  PEP,	  150mW	  
average	  
Data	  rates:	  1200,	  2400,	  4800,	  9600	  bit/sec	  
	  
	  	  	  	  	  	  	  As	  LEOP	  orbits	  the	  earth	  it	  will	  only	  come	  into	  
contact	  with	  our	  team	  when	  it	  comes	  into	  range	  of	  the	  
UHF	  Receiver.	  	  The	  receiver	  is	  able	  to	  capture	  data	  
within	  a	  region	  that	  extends	  10o	  from	  the	  surface	  of	  
the	  earth	  making	  a	  region	  in	  the	  shape	  of	  a	  cone.	  
Depending	  on	  the	  al1tude	  and	  speed	  of	  LEOP	  we	  will	  
be	  able	  to	  expect	  data	  rates	  of	  ~1.2kb/s.	  This	  would	  
take	  roughly	  a	  day	  to	  transmit	  a	  full	  color	  image	  or	  
about	  6	  hours	  for	  a	  grey	  scale	  image.	  Other	  
universi1es	  may	  become	  involved	  that	  could	  allow	  us	  
to	  use	  their	  UHF	  receivers	  to	  stream	  even	  more	  data.	  
•  Developed	  
CubeSat	  Concept	  
•  Agreed	  on	  
Op1cal	  mission	  
Team	  Research	  
• Payload	  
• Structure	  
• Data	  
• Communica1on	  
• Power	  
Sub-­‐Group	  
Divisions	   •  Choose	  the	  best	  
suited	  product	  to	  
meet	  mission	  needs	  
•  Ensure	  compa1bility	  
with	  the	  other	  
systems	  	  
Sub-­‐Group	  
Research	  
• Test	  the	  unit	  as	  a	  
whole	  
• Debug	  any	  
incompa1bility	  
• Environment	  
Tes1ng	  
Team	  Collabora1on	  
and	  Tes1ng	   • Ensure	  all	  systems	  
func1on	  smoothly	  
• Satellite	  meets	  
CubeSat	  
requirements	  
Launch	  
Method	  of	  Success	  
Objec6ves	  
Background	  
Theore1cal	  orbit	  of	  LEOP	  @450km	  w/	  
UHF	  receiver	  range	  
What	  is	  Next?	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Consor1um	  
Features	  and	  Configura6on	  
Power	  control	  
and	  baaeries	  
On	  Board	  
Processor	  
VHF	  Data	  
Transmiaer	  
Anodized	  
Aluminum	  	  
Frame	  
2.1W	  Solar	  
Panels	  
OA500C	  5MP	  
CMOS	  Camera	  
STM32F4DISCOVERY	  
	  	  	  	  	  	  	  The	  heart	  of	  LEOP	  is	  in	  its	  
processing	  capabili1es.	  All	  func1ons	  
of	  the	  satellite	  will	  be	  managed	  with	  
the	  STM32F4DISCOVERY	  board.	  It	  is	  
fully	  equipped	  with	  all	  the	  features	  
that	  LEOP	  needs	  to	  integrate	  all	  of	  
its	  components	  and	  to	  have	  them	  
func1on	  in	  sync.	  
Features	  
	  
-­‐ Micro-­‐USB	  port	  for	  camera	  
-­‐ Outstanding	  power	  efficiency	  
-­‐ 1	  Mbyte	  Flash	  memory	  
-­‐ 192	  Kbytes	  SRAM	  
-­‐ ART	  Accelerator	  
-­‐ 7	  layer	  AHB	  bus	  matrix	  
-­‐ Customizable	  pins	  
